The objective of the research was to compare the flotation performance of medical waste incinerator fly ash (MWIFA) by considering two methods: the cyclonic-static micro-bubble flotation column (FCSMC) method and conventional flotation cell (CFC) method. The results indicated that for FSCMC, the optimum parameters were kerosene = 3.5 g/kg·ash, methyl isobutyl carbinol (MIBC) = 0.2 g/kg·ash, Tween 80 = 7.5% of kerosene concentration, slurry concentration = 100 g/L, and pump speed = 380 r/min. The optimized conditions resulted in a higher dioxin removal efficiency (90.98%), carbon removal efficiency (91.88%) and lower loss on ignition (LOI) (4.96%). The data obtained from the CFC under different optimum operating conditions were 88.65%, 90.63% and 5.68%, respectively. FSCMC was proven to be more efficient for the flotation of MWIFA than CFC.
Introduction
The chlorine content in the medical waste reaches 4.5-7.5% due to the use of polyvinyl chloride and NaCl in medical treatment, which may lead to the formation of large quantities of dioxins [1] . Medical waste incinerator fly ash (MWIFA) has a higher concentration of dioxins, approximately 2-3 orders of magnitude higher than that of municipal solid waste incinerator fly ash (MSWIFA) [2] . MWIFA is generated in the medical waste incineration process and is categorized as hazardous waste by the National Dangerous Wastes Catalogue (HW18) released in 2018 in China because of its characteristic high level of dioxins and heavy metals [3] . MWIFA also contains a mass of carbon constituents (CCs) including unburned carbon (UC) [4] , and powder-activated carbon (PAC). UC is the major source of dioxin in fly ash because of its role in de novo synthesis and its high adsorption capacity [5, 6] . Meanwhile, the mass of PAC is injected to absorb dioxins from flue gases and then transferred into fly ash [7] . Therefore, most dioxins in MWIFA are enriched in CCs.
Currently, several conventional methods have been used to treat MSWIFA, which can be grouped into three classes: (1) separation; (2) solidification/stabilization (S/S), and (3) thermal processes (melting, roasting, sintering, and low temperature treatment) [8] . However, the characteristic high CCs and chlorides in MWIFA make these traditional methods inefficient for MWIFA [9] . In China, the dioxin content of 3 ng I-Toxic Equivalent Quantity (TEQ)/g is designated as the standard for entering solid waste landfill for landfill disposal (GB16889-2008) [10] . Generally, MWIFA needs to be detoxified prior to landfill. Therefore, it is necessary to find more suitable methods to remove dioxins together with CCs from MWIFA because of their hydrophobic and lipophilic nature. Flotation is a
Materials and Methods

Materials
The ash sample was collected from fabric filter devices stored at a dump site in incineration plants in southern China, which are equipped with a 15 t/day gyration kiln incinerator. As the daily amount of MWIFA produced is relatively low (500 kg/day), fly ash is usually packed and transported to designated stockpiles within incineration plants for 3-6 months or longer. The sample ash in this study was subjected to weathering for 6 months. After collection, the ash sample was homogenized and screened by a sieve of 20 meshes to remove large particles, and dried at 105 • C for 24 h. The loss Processes 2018, 6, 186 3 of 13 on ignition (LOI) of the sample was determined in accordance with the standard for pollution control (GB18485-2014). The main compositions of the ash are shown in Table 1 . 
Flotation Equipment and Method
The FCSMC equipment was supplied by the China University of Mining and Technology (R50-2000, XuZhou, China). The system is depicted in Figure 1 . The column has a section diameter of 50 mm, a height of 1500 mm and a working volume of 3.8 L. The compressor is used to supply air, and two pumps are used to feed and tail transportation. The FCSMC comprises three parts: the column separator part, which plays a role in rough separation of coarse grain; the cyclone separator part, which includes a cylindrical cyclonic shell and a horn shaped structure connected to the cyclonic shell with the column separator; and the micro-bubble generation system, which includes flotation pipes and a self-absorbing micro-bubble generator [20] . Three kinds of reagents-kerosene, methyl isobutyl carbinol (MIBC) and Tween 80 (Tianjin chemical company, Tianjin, China) play the role of collector, frother and surfactant, respectively. The kerosene, MIBC, and Tween 80 must be added in turn and stirred for a period of time in the pulp conditioning process according to previous preliminary experiments. The dosage of kerosene, MIBC, and Tween 80 were 2.0-4.5 wt%, 0-0.3 g/kg·ash, 0-12.5 wt%, respectively. The range of the slurry concentration was 50-175 g/L. The range of the speed of circulating pump for the FCSMC was 300-380 r/min.
In the FCSMC test, kerosene, Tween 80, and MIBC were successively added to the slurry and stirred for another 5 min, 3 min and 2 min, respectively. The original slurry obtained was pumped to the column separator with a 285 r/min rotation speed. After the volume of slurry was 2/3 of the entire cylinder, the micro-bubble generator with a 170 r/min of rotate speed was triggered. During this process, a mass of micro-bubbles was released because the pressure in the micro-bubble generator decreased with air absorption. Thereafter, the generated micro-bubbles were pushed into the cyclone separator. In the cyclone separator, the micro-bubbles underwent a rotary movement in the capture zone and then rose through the column separator, forming the foam layer. The CCs and dioxins were concentrated in the foam layer, forming the froth product.
The CFC test results were obtained with 1 L of conventional flotation cells (RK/FD111, Rock Crush & Grand Equipment Co., Ltd., Wuhan, China). Before flotation, MIBC, Tween 80 and kerosene were added to the slurry in succession. Meanwhile, the conditioning time of the reagents was controlled to 3 min, 2 min and 1 min, respectively. There were impeller blades in the middle of the flotation cell, and the range of the impeller speed for CFC was 1750-2250 r/min. Then the mixed slurry was poured into the CFC. To maintain a stable liquid level, deionized water was added to the CFC during the whole experimental process.
Analytical Method
The MWIFA was subjected to flotation treatment in two types of flotation facilities: FCSMC and CFC. The obtained froths and tailings were filtered, dried, weighed, and then the LOI was determined. To distinguish the two flotation devices, the products obtained from the FCSMC and CFC were defined as froths 1 and tailings 1, and froths 2 and tailings 2, respectively. The concentrations of dioxins and their congeners in the froths and the tailings were analyzed using the method of isotope dilution high resolution gas chromatography-high resolution mass spectrometry (HRGC-HRMS, MS-800D UltraFOCUS, Tokyo, Japan). The details of dioxin analytic method were given previously [23] . The total toxic equivalent (TEQ) of dioxin of each congener was obtained on the basis of the international toxic equivalency factors. The removal efficiency of the dioxin was calculated by the dioxin content in the froth over the total dioxin content in the MWIFA.
Results
Effect of Kerosene Concentration
Figures 2 and 3 show the effect of the kerosene concentration on the flotation by FCSMC and by CFC. For the FCSMC, as the kerosene concentration increased from 2.5 g/kg·ash to 3.5 g/kg·ash, the LOI decreased from 9.54% to 4.96%, and the removal efficiency of the CCs increased from 73.11% to 91.88%. This is because kerosene is a non-polar molecule with strong hydrophobicity and can selectively adsorb CCs during the flotation process. However, when the concentration of kerosene was higher than 3.5 g/kg·ash, the removal efficiency began to decrease. This is because excessive kerosene might lead to agglomeration between inter-particle attractions, and would weaken the effect of the frother, which causes a decrease in froth stability. Thus, 3.5 g/kg·ash is the optimal concentration of kerosene. For CFC, the removal efficiency of the CCs increased slightly with the increase of the concentration of kerosene. However, it remained basically the same when the kerosene concentration increased to higher than 3 g/kg·ash. The results indicated that the optimal concentration of kerosene for CFC (3 g/kg·ash) was lower than the results for FCSMC, because more kerosene adhered to the surface mass of micro-bubbles generated by the FCSMC and floating to the surface than for CFC [24] . Besides, the optimal collector dosage in this experiment was higher than the result found by Cao (2012) (1.2 g/kg·ash) [19] . This is because the surface of CCs is oxidized during the weathering process, which might reduce the content of hydrophobic groups such as C-H and C-C groups on the carbon surface and enhance the content of oxygenated functional groups such as carboxylic (-COOH) ester and phenolic (-OH) groups. Therefore, the weathering process reduces the hydrophobicity and results in a high level of collector dosage [23] . 
Effect on MIBC Concentration
The MIBC concentration may directly affect the bubble size, selectivity and recovery. Figures 4 and 5 represent the effect of the MIBC on decarburization by FCSMC and CFC. For FCSMC, the optimum concentration of MIBC was 0.2 g/kg·ash. When it was lower than 0.2 g/kg·ash, the generated micro-bubbles became smaller as the MIBC concentration increased. The adsorbed kerosene on the CCs would attract the hydrophobic part of the MIBC, and numerous micro-bubbles would increase the collision probability between the bubbles and the kerosene. When the concentration of MIBC was higher than 0.2 g/kg·ash, the LOI and removal efficiency of the CCs showed an opposite trend, perhaps because the excess amount of micro-bubbles gathered at the center of the column and occupied more space [18] . For CFC, the optimum concentration of MIBC was 0.1 g/kg·ash. When it was lower than 0.1 g/kg·ash, there was no obvious change in the LOI and 
The MIBC concentration may directly affect the bubble size, selectivity and recovery. Figures 4 and 5 represent the effect of the MIBC on decarburization by FCSMC and CFC. For FCSMC, the optimum concentration of MIBC was 0.2 g/kg·ash. When it was lower than 0.2 g/kg·ash, the generated micro-bubbles became smaller as the MIBC concentration increased. The adsorbed kerosene on the CCs would attract the hydrophobic part of the MIBC, and numerous micro-bubbles would increase the collision probability between the bubbles and the kerosene. When the concentration of MIBC was higher than 0.2 g/kg·ash, the LOI and removal efficiency of the CCs showed an opposite trend, perhaps because the excess amount of micro-bubbles gathered at the center of the column and occupied more space [18] . For CFC, the optimum concentration of MIBC was 0.1 g/kg·ash.
When it was lower than 0.1 g/kg·ash, there was no obvious change in the LOI and the removal efficiency. When it was higher than 0.1 g/kg·ash, the removal efficiency of CCs decreased and the LOI increased. Compared with the CFC, a beneficial effect in the FCSMC was the reduction of the bubble diameter. As the bubble diameter decreased, the flotation efficiency of both the coarser and finer particles improved.
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The ash sample was weathered during the storage time, which would oxidize the UC surface [16] . Thus, the weathering processes makes the UC more difficult to float with common oily collectors alone. The surfactant Tween 80 proved to be more effective than anionic sodium dodecyl sulfate (SDS) and cationic hexadecyl trimethyl ammonium bromide (CTAB) for carbon and dioxin removal during flotation [23] . In terms of chemical structure, nonionic Tween 80 is bifunctional and possesses oxygenated functional groups, namely carboxyl and hydroxyl; sorbitol esters and hydrocarbon chains. The polar oxygenated functional groups of nonionic Tween 80 might interact with the oxygenated functional groups on the UC particle surface. Furthermore, the nonpolar aliphatic chain of nonionic Tween 80 might interact with PAC through hydrophobic bonding. In addition, the nonionic Tween 80 could emulsify the kerosene and increase the number of oil droplets. Then the CCs would be firmly attached by kerosene after emulsification. Thus, Tween 80 must be added to improve flotation efficiency.
The dosage of Tween 80 was defined according to the percentage of Tween 80 in the kerosene concentration. The results for FCSMC and CFC are presented in Figures 6 and 7 . For FCSMC, with increasing Tween 80, the LOI decreased linearly to 7.5% and the removal efficiency increased. The LOI and the removal efficiency reached the minimum and maximum, respectively, at the optimal percentage of Tween 80 of 7.5%. This is because the surface hydrophobicity of the MWIFA increased as the Tween 80 dose increased, which promotes the ability of adhesion between the CCs and the bubbles. Meanwhile, the emulsifying ability of Tween 80 to kerosene was strengthened, which made the kerosene disperse more evenly in the slurry and greatly improve the collision rate between the reagents and carbon particles. In addition, the stability of the bubbles was also enhanced, which further strengthened the mineralization. Therefore, the flotation effect was enhanced. This presents an adverse variation trend above 7.5%. This is because excessive Tween 80 might form a hydrated micelle membrane on the surface of the carbon particulates, alter the wettability of the carbon particulates, and make the already hydrophobic particles hydrophilic again, which is not conducive to the separation of the CCs. Thus, the flotation efficiency decreased [25] . The optimal percentage of Tween 80 for CFC (5%) was lower than the experimental result by FCSMC (7.5%). This can be explained by the fact that the amount of micro-bubbles increased in the FCSMC, and a higher dosage of Tween 80 was needed to maintain the stabilization of the foam layer. Thus, a higher amount of Tween 80 was needed for FCSMC. The dosage of Tween 80 was defined according to the percentage of Tween 80 in the kerosene concentration. The results for FCSMC and CFC are presented in Figures 6 and 7 . For FCSMC, with increasing Tween 80, the LOI decreased linearly to 7.5% and the removal efficiency increased. The LOI and the removal efficiency reached the minimum and maximum, respectively, at the optimal percentage of Tween 80 of 7.5%. This is because the surface hydrophobicity of the MWIFA increased as the Tween 80 dose increased, which promotes the ability of adhesion between the CCs and the bubbles. Meanwhile, the emulsifying ability of Tween 80 to kerosene was strengthened, which made the kerosene disperse more evenly in the slurry and greatly improve the collision rate between the reagents and carbon particles. In addition, the stability of the bubbles was also enhanced, which further strengthened the mineralization. Therefore, the flotation effect was enhanced. This presents an adverse variation trend above 7.5%. This is because excessive Tween 80 might form a hydrated micelle membrane on the surface of the carbon particulates, alter the wettability of the carbon particulates, and make the already hydrophobic particles hydrophilic again, which is not conducive to the separation of the CCs. Thus, the flotation efficiency decreased [25] . The optimal percentage of Tween 80 for CFC (5%) was lower than the experimental result by FCSMC (7.5%). This can be explained by the fact that the amount of micro-bubbles increased in the FCSMC, and a higher dosage of Tween 80 was needed to maintain the stabilization of the foam layer. Thus, a higher amount of Tween 80 was needed for FCSMC. The dosage of Tween 80 was defined according to the percentage of Tween 80 in the kerosene concentration. The results for FCSMC and CFC are presented in Figures 6 and 7 . For FCSMC, with increasing Tween 80, the LOI decreased linearly to 7.5% and the removal efficiency increased. The LOI and the removal efficiency reached the minimum and maximum, respectively, at the optimal percentage of Tween 80 of 7.5%. This is because the surface hydrophobicity of the MWIFA increased as the Tween 80 dose increased, which promotes the ability of adhesion between the CCs and the bubbles. Meanwhile, the emulsifying ability of Tween 80 to kerosene was strengthened, which made the kerosene disperse more evenly in the slurry and greatly improve the collision rate between the reagents and carbon particles. In addition, the stability of the bubbles was also enhanced, which further strengthened the mineralization. Therefore, the flotation effect was enhanced. This presents an adverse variation trend above 7.5%. This is because excessive Tween 80 might form a hydrated micelle membrane on the surface of the carbon particulates, alter the wettability of the carbon particulates, and make the already hydrophobic particles hydrophilic again, which is not conducive to the separation of the CCs. Thus, the flotation efficiency decreased [25] . The optimal percentage of Tween 80 for CFC (5%) was lower than the experimental result by FCSMC (7.5%). This can be explained by the fact that the amount of micro-bubbles increased in the FCSMC, and a higher dosage of Tween 80 was needed to maintain the stabilization of the foam layer. Thus, a higher amount of Tween 80 was needed for FCSMC. 
Effect of Slurry Concentration
The effect of the concentration of the slurry on the decarburization flotation by FCSMC and CFC are illustrated in Figures 8 and 9 , respectively. The carbon removal and LOI in the tailings of the two devices shows the same trend. Both the optimal value for FCSMC and CFC were obtained when the slurry concentration was 100 g/L. The removal efficiency was up to the peak from 50 g/L to 100 g/L. However, an increase of the slurry concentration induced a significant drop in the removal efficiency of the CCs. This is because a certain concentration of slurry may be able to magnify the load capacity or promote the selectivity of the bubbles to CCs [18] . An excessive concentration of slurry is not suitable for the selectivity of the bubbles to CCs and many lead to an adverse result. The results also showed that the equipment blockage occurred when the concentration was higher than 175 g/L.
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Effect of Pump Speed/Impeller Speed
FSCMC and CFC under Optimum Conditions
For FSCMC, the best flotation performance was yielded at 3.5 g/kg·ash of kerosene, 0.2 g/kg·ash of MIBC, 7.5% of Tween 80, 100 g/L of slurry concentration, and 380 r/min of pump speed, under which condition a low LOI (4.96%) and slightly high removal efficiency (91.88%) were obtained. The optimum flotation conditions by CFC were: 3 g/kg·ash of kerosene, 0.1 g/kg·ash of MIBC, 5% of Tween 80, 100 g/L of slurry concentration, and 2000 r/min of impeller speed. Under this optimized condition, the removal efficiency of CCs was 90.63% and the LOI was 5.68%. For FSCMC, there was slightly higher carbon removal compared to CFC. This might be due to the fact that abundant micro-bubbles were generated, which results in a high collision probability because of the turbulent mineralization mechanism and low detachment probability because of the existence of the hydrophobic attractive force. Compared with CFC, the remarkable characteristics of FSCMC are the shape of the apparatus and the nonexistence of an impeller or a stator to generate air bubbles. Therefore, FSCMCs can reduce the entrainment due to their geometry and their hydrodynamic characteristics [26] .
Dioxin Removal Results under the Optimum Decarburization Conditions
A comparative evaluation of FCMSC and CFC for the flotation of MWIFA under the optimal decarburization conditions are provided in Table 2 . The total dioxin concentration and the TEQ Figure 10 . Effect of the impeller speed on decarburization by CFC: kerosene = 3 g/kg·ash, MIBC = 0.1 g/kg·ash, Tween 80 = 5% of the kerosene dosage, and slurry concentration = 100 g/L.
FSCMC and CFC under Optimum Conditions
Dioxin Removal Results under the Optimum Decarburization Conditions
A comparative evaluation of FCMSC and CFC for the flotation of MWIFA under the optimal decarburization conditions are provided in Table 2 . The total dioxin concentration and the TEQ values in raw fly ash were 89.85 ng/g and 6.98 ng I-TEQ/g, respectively. After flotation, 90.98% and 88.65% of the dioxins were enriched into froth products by FSCMC and CFC, respectively. The TEQ of the tailings decreased to 1.94 and 2.7 ng I-TEQ/g for FSCMC and CFC, which is less than 3 ng I-TEQ/g and can be directly disposed of by landfill. As dioxins are strongly hydrophobic and lipophilic, most dioxins are concentrated in the froth products. The froth products could be subject to further treatment by recirculation in the incinerator, which can recycle energy by the recovery of CCs and the destruction of the dioxins [27] . These results prove that the FCSMC process is effective in reducing the amount of CCs and dioxins in MWIFA.
The distribution profiles of 17 major congeners of polychlorinated dibenzo-p-dioxins and dibenzofuranes (PCDD/Fs) in the raw fly ash and the product (froths and tailings) under the optimum decarburization condition are shown in Figure 11 . In the raw fly ash, the fractions of high-chlorinated compounds, such as the chlorinated compounds 1,2,3,4,6,7,8-hepta-p-chloro dibenzofuran (HpCDF), octachlorinated dibenzofuran (OCDF), and 1,2,3,4,7,8-hexachloro dibenzofuran (HxCDF) are relatively high. This might be related to the high chlorine content in the medical waste [28, 29] . After flotation, 1,2,3,4,6,7,8-HpCDF and OCDF were present in four kinds of products, which still shows the highest fraction of PCDD/F congeners. The dominant congeners in the froths and tailings were similar to those in the raw fly ash. The flotation device did not obviously change the profiles of the PCDD/F congener. 88.65% of the dioxins were enriched into froth products by FSCMC and CFC, respectively. The TEQ of the tailings decreased to 1.94 and 2.7 ng I-TEQ/g for FSCMC and CFC, which is less than 3 ng I-TEQ/g and can be directly disposed of by landfill. As dioxins are strongly hydrophobic and lipophilic, most dioxins are concentrated in the froth products. The froth products could be subject to further treatment by recirculation in the incinerator, which can recycle energy by the recovery of CCs and the destruction of the dioxins [27] . These results prove that the FCSMC process is effective in reducing the amount of CCs and dioxins in MWIFA. The distribution profiles of 17 major congeners of polychlorinated dibenzo-p-dioxins and dibenzofuranes (PCDD/Fs) in the raw fly ash and the product (froths and tailings) under the optimum decarburization condition are shown in Figure 11 . In the raw fly ash, the fractions of high-chlorinated compounds, such as the chlorinated compounds 1,2,3,4,6,7,8-hepta-p-chloro dibenzofuran (HpCDF), octachlorinated dibenzofuran (OCDF), and 1,2,3,4,7,8-hexachloro dibenzofuran (HxCDF) are relatively high. This might be related to the high chlorine content in the medical waste [28, 29] . After flotation, 1,2,3,4,6,7,8-HpCDF and OCDF were present in four kinds of products, which still shows the highest fraction of PCDD/F congeners. The dominant congeners in the froths and tailings were similar to those in the raw fly ash. The flotation device did not obviously change the profiles of the PCDD/F congener. The removal mechanism of dioxins is shown in Figure 12 , which was mainly a sorptive flotation process. Both UC and PAC in the MWIFA possess high adsorption capacity because of their micro-porous structure and large surface area. During the flotation process, the MWIFA in the slurry could be broken up; dioxins might deviate from the ash particulate, enter into the aqueous phase of the slurry and interact with the hydrophobic PAC and UC. Then, these mixtures would be captured and carried into the froth. Besides, the strong adsorption relationship between porous PAC in MWIFA and the gaseous phase dioxins made the dioxins easier to remove into the froths together with PAC [23] .
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Conclusions
MSIFA contains high levels of dioxin and is classified as a hazardous waste, which needs to be detoxified prior to landfill. According to the characteristics of dioxins enriched in CCs in MWIFA and the lipophilic and hydrophobic nature of dioxin, dioxins and CCs should be able to be separated from MWIFA using the flotation method. This paper presents a comparison of the decarburization performance of FSCMC and CFC. The main conclusions are summarized as follows:
(1) For FCMSC, the optimum flotation conditions were as follows: kerosene dosage 3. efficiency by FCMSC (90.98%) was slightly higher than that by CFC (88.65%), which is related to the slightly high CC removal efficiency in the former. (4) The flotation by FCMSC was proven to be able to successfully remove and concentrate most CCs and dioxins from MWIFA to the froth, which made the froth suitable for recirculation as an incinerator fuel and the realization of the decomposition of dioxins. Meanwhile, the TEQs of the dioxins in the tailings purified by flotation could be decreased to 1.94 ng I-TEQ/g, which conforms to the landfill site regulation (3 ng I-TEQ/g). Then, the following dual purposes can be achieved by the flotation of MWIFA: the almost complete destruction of dioxins at low cost and the direct disposal of the tailings in landfill. Therefore, FCMSC is one of the most promising alternatives for industrial applications of MWIFA.
The emphasis of this work was to compare the decarburization effect of FCMSC and CFC by the single factor experiment. For further work, some effective orthogonal experiments might be carried out and different effect factors might be adjusted to verify the conclusions mentioned above. The contribution of true flotation and entrainment to two different flotation devices could also be studied by analyzing the effect of particle size and bubble size. In addition, different amounts of Tween 80 in the FCMSC and CFC may lead to differences in the leachability degree of the dioxins 
(1) For FCMSC, the optimum flotation conditions were as follows: kerosene dosage 3.5 g/kg·ash, MIBC dosage 0.2 g/kg·ash, Tween 80 percentage 7.5%, slurry concentration 100 g/L, circulation pump speed 380 r/min. Under these conditions, a froth product with 91.88% CC removal and a tailing product with 4.96% LOI were obtained. efficiency by FCMSC (90.98%) was slightly higher than that by CFC (88.65%), which is related to the slightly high CC removal efficiency in the former. (4) The flotation by FCMSC was proven to be able to successfully remove and concentrate most CCs and dioxins from MWIFA to the froth, which made the froth suitable for recirculation as an incinerator fuel and the realization of the decomposition of dioxins. Meanwhile, the TEQs of the dioxins in the tailings purified by flotation could be decreased to 1.94 ng I-TEQ/g, which conforms to the landfill site regulation (3 ng I-TEQ/g). Then, the following dual purposes can be achieved by the flotation of MWIFA: the almost complete destruction of dioxins at low cost and the direct disposal of the tailings in landfill. Therefore, FCMSC is one of the most promising alternatives for industrial applications of MWIFA.
The emphasis of this work was to compare the decarburization effect of FCMSC and CFC by the single factor experiment. For further work, some effective orthogonal experiments might be carried out and different effect factors might be adjusted to verify the conclusions mentioned above. The contribution of true flotation and entrainment to two different flotation devices could also be studied by analyzing the effect of particle size and bubble size. In addition, different amounts of Tween 80 in the FCMSC and CFC may lead to differences in the leachability degree of the dioxins after floatation. Moreover, some research works or novel treatment methods also need to be proposed to minimize dioxin leaching and avoid further environmental pollution from the small amount of dioxins present in the residual slurry.
